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A LIST OF PAPERS PRESENTED TO THE CON-
FERENCE FOR GENERAL SYSTEMS THEORY
AND ITS APPLICATION HELD ON 21-22,
NOVEMBER, 1981 IN TAIPEI, TAIWAN THE
REPUBLIC OF CHINA

Systems Science-A New Dimension in Science
(Keynote Speech)

By George Klir, President, Society for
General Systems Research, Professor
and Chairman, Department of Systems
Science, State Universitv of New York
at Binghamton. (with Chinese vevsion)

Bertalanffy's General Systems Theory and Its
Application On the Strategic Level
By Shi-Fu Wang, Convener, Committee for
The Advancement of Interdisciplinary
Integration, Professor of Economics,
National Taiwan University

On The Concept of A System Analysis
By V. C. Yang, Professor of Electrical
Engineering, National Taiwan University

The Application of System Theory to Educational
Administration
By H. J. Yeh, Professor and Dean, National
Chengchi University

An Integrative Diagnosis of the Business Cycles-
The Case of Taiwan
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By K, W. Chang, Professor and Director,
Graduate School of Economics, Chinese
Cultural University

General Systems Theory and Political System Model

By Chi-Hua Ma, Professor of Political

Science, National Chengchi University

General Systems Theory And Commuanity Develop-
ment in Taiwan-An Evaluation on the Basis of A-
Case Study
By Shou-Jung Yang, Professor and Chairman,
Department of Sociology, Soochow

University

An Inquiry Into the Family Enterprised Systems
in Taiwan

By K. K. Huang, Professor, Department of

Psychologym National Taiwan University

The National Development Strategy in the Early
Republic of China,An Analysis of the then-Globle
Systems )

By H. W. Yeh
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1. Introduction

One of the major characteristics of science in the second half of this
century is the emergence of a number of related iﬁtellectual areas such as
cybernetics, general systems research, infétmation theory, control theory,

mathematical systems theory, decision analysis and artificial intelligence.

All these areas, whose appearance and development are strongly correlated

with the origins and advances of computer technology, have one thing in
common: they deal with such systems problems in which informational,
relational or structural aspects are highly predominant while, on the other
hand, the kind of entities which form the system is considerably less
significant. It has increasingly been recognized that it is useful to
view these interrelated intellectual developments as parts of a larger
field of inguiry, usually referred to as systems science.

If systems science is a science in the usual sense, then three basic

camponents should be distinguished in it:

(1) a domain of inquiry;

(i1) a body of knovledge regarding the domain;

(iii) a m'etbcu:bolagg (a ccherent collection of methods) tor the
acquisition of new knowledge within the comain as well as
utilization of the knowledge for dealing with problems
relevant to the domain. .

It is the purpose of this article to characterize these three carmponents——
the domain, knowledge and methodology—of systems science. Moreover, it is
argued that systems science is not comparable with the other sciences and,

consequently, it is appropriate to view it as a new dimension in science.
1-1
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2. Classification of Systems

It is fair to say that the damain of each scientific d.ismﬁ;Line is a
particular class of systems. The term "system” is used here in the general
sense of a typicsl definition given by a cocamon dictionary, i.e., it refers to
a set of some things (attributes, variables, objects, components, phencinena,
etc.) which are related in some fashion and through this relationship form a
coherent whole. These two aspects—a set of things of scme sort and a relation
with some characteristic feature*s-—-l, which are recognizable in every system,
are two cbvious bafes for classifying systems. Hence, a class of systems
can be introduced by one of two fundamentally different criterid:

(a) by a restriction to systems which are based on certain kinds of

things;

(b) by a restrictign to .systems which are based on certain kinds of

relations.

Classification criteria (a) and (b) are orthogonal in the sense that they
do not restrict each other and can be combined if desirable. Critericn (a)
is exemplified by the traditional classification of science and technology
into disciplines and specializations, each focusing on the study of certain
kinds of things (physical, chemical, biological, political, econcmic, etc.)
with no cormitment to any particular kind of relaticns.  Since different kinds

of things require different experimental (instrunentation) procedures for data

1’1‘11e term "relation" is used in this paper in broad sense to encampass
the whole set of kindred terms st'ach as "structure,” "constraint,”
"information," "organization,' "interconnection,'' and the like.

1-2
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Criterion (b) leads to fundamentally different classes of systems, each

characterized by a specific kind of relations with no camitment to any
particular kind of things on which the relations are defined. This
classification is related to data processing rather than data acquisition
and, as such, it is theoreticallv-based.

As discussed later in the paper in more detail, the largest classes
of systems based on criterion (b) are those which characterize various

epistemological levels. They are further refined by wvarious methodelogical

distinctions. The smallest classes of systems are those which are equivalent

in terms of their relations, i.e., classes of isomorphic systems. Since

systems in each particular isamorphic class may be based on guite different
kinds of things, it is useful to pick up one of the isomorphic systems as a
representative of the class. Such systems are called general systers and are
defined as standard and interpretation-free systems, each of which is

chosen to represent a class of systems equivalent with respect to their
relational aspects under soame desirable pragmatic criteria, The term
"standard" is used here to refer to a description which satisfies certain
conventions, influenced primarily by the use of the system; some comvenient
form by which the system is represented on a carputer, for exarple, may be
accepted as a standard description.

While systems classification based on eriterion (b) is foreign to
traditional secience, its significance has increasingly been recognized. All
activities invelved in the study of those properties of systems and relevant
problems which emanate from this classification are now becoming identified
with the general name "systems science."” In this sense, "systems science” is
a name for scientific activities which are theoretically-based and complementary

to the experimentally-based activities of the traditicnal science.
' 1-3
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3, Systems Science

The darain of systems science consists of all kinds of relaticnal

properties which are valid for particular classes of systems or, in same rare
instances, are valid for all systems. The chosen relational classification
of systems determines the way in which the domain of systems is divided,

into subdomains in a similar fashion as the dorain of the traditional
sclence has been divided into subdomains of the various disciplines and
specializations. '

Knowledee of systems science, i.e., knowledge regarding the various

classes of relational properties of systems, can be obtained either
mathematically or through experiments with systems simulated on a cormputer,

Examples of mathematically derived knowledge in systems sclence are
the Ashov law of requisite variety [1,2], the principles of maximm entropy
and minimm cross-information [36], or the varicus laws of information
which govern systems [10,43].

Exammles of experimentally derived knowledge are the various results
mga.rd:l.hg the effect of the size of a system (the number of varisbles involved
and its connectance (the percentage of dependencies among the variables) on
the probability of stability associated wif_h various classes of systens
[13,14,17,29,30], knowledge regarding the relationship between structures
and behaviors of systems [32], dependence of average cycle length and other
behavioral characteristics on the size of the system [16,41,42], or various
characteristics for the reconsr.ﬁctahility analysis [22,25,28].

Mathematically derived systems knowledge can sometime be usefully
corplemented by comparable lmowledge derived by camputer simulation. For
example, experimental investigaticons mg_a.rding the probability of stabilitwy
of linear systems were performed by Gardner and Ashby for systems with no

more than 10 variables [14). A later study by May [31] camplomented Lheir
14
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investigations with analytical analysis of the same class of systems in
wthe limit when the nwber of variables is large.” fliis mathematical results
basicallv agree with the experimental results, although for small -nurber
of variables there is same discrepancy, which is obvicusly due to the
assumption of large mmber af varigbles in the analytical approach.

As far as the experimentally derived kmowledge, it is the camputen
which represents the laboratory for systems science. 1t allows the sysiems
seientist to perform experiments in exactly the same way other scientists
do in their laboratories, although the experimental entities he deals with
are abstract structural pmperti(_es (simulated on the computer) rather than
specific properties of the real world [26].

Systems methodology is a coherent collection of methods for studying

relational properties of various classes of systems and for solving systems
problens, i.e., problems which deal with the relational aspects of systems.
A useful classification of systems from the relational point of view is the
kernel of systems methodology. When properly developed, the classifieation
is a basis for a comprehensive description and taxonomy of systems problems.
The ultimate goal of systems n‘:ethodolog];' is to provide potential users in
various disciplines and problem areas with methodological tools for all

the recognized types of systems problems.

From the standpoint of the disciplinary classification of traditienal
science, systems science is clearly eross-disciplinary. There are at least
two important implications of this fact. Firstly, systems science knowledge
and methodology are directly applicable, at least in principle, in wvirtually
all disciplines of traditional science. Secondly, systems science has the

' flexibility to study relational properties of such systems and the associated
1=5



